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(54) Wander generator having arbitrary TDEV mask characteristic setting apparatus 

(57) In a file (29, 30), the TDEV mask data informa- 
tion including the TDEV mask data constituted by con- 
necting a plurality of line segments and a calculation ex- 
pression for forming the TDEV mask data, are stored in 
advance. A readout section (32, 35) reads out a prede- 
termined TDEV mask data information from the file. A 
display section (28) displays the line segment which is 
represented by the desired TDEV mask data informa- 
tion. An operating section (27) inputs information for 
changing at least one of the start point and the charac- 
teristic value to the desired value with respect to the line 
segment to be represented by the desired TDEV mask 
data information. A TDEV mask data change section 
(34, 37) receives information inputted by the operating 
section (27) and changes TDEV mask data information 
based on the calculation expression of the TDEV mask 
data information, and allows the display section (28) to 
display the line segment represented by the changed 
TDEV mask data information. 
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Description 

[0001] The present invention relates to a wander generator for generating a clock signal including wander. More 
specifically, the present invention relates to a wancfer generator having a TDEV mask characteristic setting apparatus 
5 for setting arbitrary TDEV mask characteristic which defines a time deviation (TDEV: Time DEViation) of a wander in 
an outputted clock signal. 

[0002] As is well known, it is considered that a resistance characteristic against a phase fluctuation in a signal which 
is inputted in various electric devices and various transmission apparatuses, as one transmission characteristic of 
various electric devices and various transmission apparatuses which are incorporated into a digital transmission sys- 
10 tern. 

[0003] Among these phase fluctuations in the inputted signal, a component of which fluctuation frequency is higher 
than 1 0 Hz is generally referred to as a jitter. 

[0004] Alternatively, among these phase fluctuations, a component of which fluctuation frequency is lower than 10 
Hz is generally referred to as a wander, which is described in the present invention. 
15 [0005] Among these phase fluctuations, a time deviation (TDEV) characteristic is defined as an index for quantita- 
tively evaluating a wander included in the inputted signal. 

[0006] in the case of measuring this TDEV characteristic, a phase including a wander of a measured signal and a 
reference signal including no wander are sampled with a predetermined sampling frequency t s . 
[0007] Then, a phase of the measured signal including the wander is compared with a phase of the reference signal 
20 including no wander, the phase difference TIE (Time Interval Error) at each sampling time is sequentially obtained as 
a change amount xi (TIE data) with respect to an initial phase difference, namely, the phase difference originally exists 
between both of signals. 

[0008] Alternatively, this change amount xi at each sampling time is obtained from the following expression (1 ) as a 
power of the change amount xi at a time of respective integral period (integral time) t (=n • t s ) and it is defined as a 
25 TDEV characteristic ( % ). 
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[0009] In the above expression (1), xi means a change amount, N means a total of samples, x s means a sampling 
frequency, n means the number of sampling frequencies and t means an integral time (=n - t s ). 
[0010] In other words, this TDEV characteristic ( x ) is obtained by evaluating a power spectrum density distribution 
of the phase difference by a time (lapsed time). 

[0011] There are the following three methods (1) to (3) as a measuring method for measuring a characteristic with 
respect to a wander belonged to a measured system of the aforementioned various electric devices and various trans- 
mission apparatuses. 

(1 ) measurement of a characteristic of a wander which is generated by the measured system itself 

[0012] This is a method to obtain the aforementioned TDEV characteristic by measuring a wander included in the 
measured signal which is outputted from the measured system itself without applying an inputted signal, by using a 
wander measuring device. 

[0013] Such a measured system comprises, for example, an oscillator or the like. 

(2) measurement of an anti-wander characteristic belonged to the measured system 

[0014] According to this method, atfirst, at st signal including a wander having a predetermined TDEV characteristic 
( i ) is gen rated from a wander generator to be applied to the measured system. Then, a bit error measuring device 
measures the bit error in a signal outputted from the measur d system. 

[0015] In this way, it is evaluated how much this measured system can perform data processing without error with 
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r spect to the t st signal. 

(3) measurement of a transmission characteristic of a wander belonged to the measured system 

5 [0016] According to this method, at first, a test signal including a wander having a predetermined TDEV characteristic 
( x ) is generated from a wander generator to be applied to the measured system. Then, the aforementioned TDEV 
characteristic ( x ) is obtained by measuring the wander included in an outputted signal of the measured system by 
using the wander measuring device. 

[0017] As these measured systems, for example, a transponder, an amplifier and the like are considered. 
10 [001 8] In the respective measurements of (2) and (3) among these three measurements, a wander generator capable 
of generating a test signal including a wander having a predetermined TDEV characteristic ( t ) is needed. 
[0019] As such a wander generator, for example, a wander generator constructed as shown in FIG. 9 is conventionally 
know. 

[0020] In the other words, according to this wander generator, a modulation signal for modulating a frequency which 
15 is lower than 10 Hz and outputted from a modulation signal generation section 1, and a reference signal of a direct 
current which is outputted from a reference voltage generation section 2 are added in an adding section 3. 
[0021] Then, by inputtingan output of the adding section 3 in a voltage control oscillator (VCO)4, the VCO 4 generates 
a clock signal CK which has a center frequency corresponding to the reference voltage and of which phase is modulated 
by the modulation signal. 

20 [0022] This wander generator enables a frequency and a magnitude of the outputted clock signal CK to be changed 
by changing the frequency and the amplitude of the modulation signal which is outputted from the modulation signal 
generation section 1. 

[0023] In the recent years, measuring standards for measuring a characteristic with respect to a wander belonged 
to the measures system are proposed by ANSI, ITU-T, ETSI or the like. 
25 [0024] According to this standard, a TDEV characteristic ( x ) including a wander outputted from the wander generator 
is defined by a standard value (a characteristic value) referred to as a TDEV mask characteristic so that a universality 
of the measuring result with respect to the measured system can be secured. 

[0025] Plural kinds of these TDEV mask characteristics are prepared corresponding to, for example, the kinds of the 
measured systems and the measurement purposes. However, as shown in FIG. 10A and 10B, a plurality of lineseg- 
30 ments 6a, 6b and 6c are connected, so that one TDEV mask characteristic 5 is constituted 

[0026] Alternatively, a horizontal axis in this TDEV mask characteristic 5 is the aforementioned integral time x (=n - 
x s ) indicating the time elapse. A vertical axis is a characteristic value for indicating a power spectrum density of the 
change amount of a phase. 

[0027] For example, the TDEV mask characteristic 5 shown in FIG. 1 0A is constituted of two line segments 6a and 
35 6b. This TDEV mask characteristic 5 is defined in the following expression (2). 

TDEV ( x ) = A1 x , x1 < x ^ x2 (2) 

40 [0028] Here, AO, A1 , xO, x1 , x2 are respective parameters for specifying line segments 6a and 6b, which constitute 
this TDEV mask characteristic 5. 

[0029] Specifically, xO and x1 represent start points of respective line segments 6a and 6b, x2 represents an end 
point of the line segment 6b, AO represents a characteristic value at a start point xO and A1 represents an inclination 
of the line segment 6b. 

45 [0030] Alternatively, the TDEV mask characteristic 5 shown in FIG. 1 0B is constituted of three line segments 6a, 6b, 
6c and this TDEV mask characteristic 5 is defined in the following expression (3). 



so 



TDEV(x) = AO , xO < x ^ x1 
TDEV(x) = A1x , x1 < x ^ x2 
TDEV(x) = A2 , x2 < x ^ x3 (3) 

55 [0031] Here s AO, A1 , A2, xO, x1 , x2, x3 are respective paramet rs for specifying the lin s gments 6a, 6b, 6c which 
constitute the TDEV mask characteristics 5. 

[0032] Specifically, xO, x1 , x2 represent start points of the respective line segments 6a, 6b, 6c, x3 represents an end 
point of the line segm nt 6c, AO represents a characteristic at a start point xO, A1 represents an inclination of the line 
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segment 6b and A2 represents a characteristic value of the line segment 6c at a start point x2. 
[0033] However, the wander generator shown in FIG. 6 only can modulate a phase of a single signal, so that it is 
difficult to generate a test signal including a wander of a TDEV characteristic, which satisfies the TDEV mask charac- 
teristic 5 constituted of a plurality of line segments 6a, 6b, 6c, of which characteristic values are different every for an 
5 integral time range determined by the aforementioned standard. 

[0034] In orderto solve such a disadvantage, the wander generator, in which aTDEV characteristic setting apparatus 
is incorporated, is developed. 

[0035] In this TDEV characteristic setting apparatus, a plurality of TDEV mask characteristics, which are determined 
by the aforementioned respective standards, are stored in advance. 
10 [0036] Specifically, the respective parameters AO, A1 , A2, x0, x1 , t2, t3 - are stored to specify a plurality of line 
segments 6a, 6b, 6c which constitute the respective TDEV mask characteristics 5. 

[0037] When an operator of the wander generator inputs a characteristic number (graph number) for specifying the 
TDEV mask characteristic 5 on an operating panel, the respective parameters AO, A1 , A2, — , t0,t1 , t2, x3 of the TDEV 
mask characteristics 5 of the designated characteristic number which are stored in the TDEV characteristic setting 
15 apparatus are read out. After that, the TDEV mask characteristic 5 is formed to be applied to the modulation signal 
(fluctuation signal) generation section 1 . 

[0038] This modulation signal (fluctuation signal) generation section 1 generates a modulation signal (fluctuation 
signal) corresponding to this TDEV mask characteristic 5 on the basis of the inputted TDEV mask characteristic 5. 
[0039] The modulation signal (fluctuation signal) corresponding to this TDEV mask characteristic 5 generated from 
20 this modulation signal (fluctuation signal) generation section 1 is added with a direct current reference voltage which 
is outputted from the reference voltage generation section 2 shown in FIG. 9, in the adding section 3. 
[0040] Then, the output from the adding section 3 is inputted in a VCO 4 shown in FIG. 9, so that a clock signal CK 
which has a center frequency corresponding to the reference voltage, of which phase is modulated by the modulation 
signal (fluctuation signal) and which includes a wander having a TDEV characteristic (t) corresponding to the desig- 
ns nated TDEV mask characteristic 5, is generated from the VCO 4. 

[0041] However, there is a problem even in the wander generator in which the aforementioned TDEV characteristic 
setting apparatus is incorporated, as follows. 

[0042] in other words, in this TDEV characteristic setting apparatus which is incorporated in the wander generator, 
several kinds of the TDEV mask characteristics 5 which are determined by the respective measurement standards 

30 such as ANSI, ITU-T, ETSI or the like, are only stored as described above. 

[0043] However, in recent years, a digital communication technology has made rapid progress, so that it is earnestly 
desired for the characteristic with respect to the wander not only to be measured as determined by the aforementioned 
respective measurement standards but also to be measured under various measurement conditions. 
[0044] In this case, as a new measurement condition, it is desired a TDEV mask characteristic which is quietly 

35 different from respective TDEV mask characteristics 5 determined by the above respective standards is capable of 
being set as a matter of course, further, it is desired to set simply and for a short time the TDEV mask characteristics 
in which a portion of the respective TDEV mask characteristics which are determined by respective standards is only 
changed. 

[0045] An object of the present invention is to provide a wander generator having an arbitrary TDEV mask charac- 
40 teristic setting apparatus which is capable of setting arbitrary TDEV mask characteristic which is required by a measurer 
with a simple operation and without error, other than respective TDEV mask characteristics determined by respective 
standards and further, which is capable of enlarging a measurement range with respect to a wander of a measured 
system using a wander generator to a large extent. 

[0046] In order to achieve the above object, according to one aspect of the present invention, there is provided a 
45 wander generator having an arbitrary TDEV mask characteristic setting apparatus comprising: 

wander generation means for generating a clock signal including a wander; and 

TDEV mask characteristic setting means which is used in the wander generation means to designate a TDEV 
mask characteristic which is belonged to the wander included in the clock signal generated by the wander gener- 
ic at ion means; 

the TDEV mask characteristic setting means comprising: 

a file in which TDEV mask data information including the TDEV mask data constituted by connecting a plurality of 
line segments and a calculation expression for forming the TDEV mask data on a coordinate in which a horizontal 
axis repres nts an integral tim and a v rtical axis represents a characteristic value, are stored in advance; 
55 TDEV mask data information readout m ans for reading out desired TDEV mask data information from th file; 

a display section for displaying a line segment which is displayed by the desired TDEV mask data information 
which is read out by the TDEV mask data information readout m ans; 

an operating section for inputting the information for changing at least one of the start point and the characteristic 
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valu to th desired value with respect to the line segment represented by the desired TDEV mask data information, 
which is displayed on the display section; and 

a TDEV mask data change section for receiving information inputted by the operating section and changing the 
TDEV mask data ifnromation based on the calculation expression of the TDEV mask data information which rep- 
resents the line segment displayed on the display section, and displaying a line segment which is represented by 
the changed TDEV data information on the display section. 

[0047] According to another aspect of the present invention, there is provided a method for setting an arbitrary TDEV 
mask characteristic which is used in a wander generator, the method comprising the steps of: 

storing TDEV mask data information including TDEV mask data constituted by connecting a plurality of line seg- 
ments and a calculation expression for forming the TDEV mask data on a coordinate in which a horizontal axis 
represents an integral time and a vertical axis represents a characteristic value, in advance in a file; 
designating desired TDEV mask data information; 
reading out the desired TDEV mask data information from the file; 

displaying a line segment which is represented by the read desired TDEV mask data information on a display 
section; 

inputting information for changing at least one of the start point and the characteristic value to a desired value with 
respect to the line segment represented by the desired TDEV mask data information which is displayed on th 
display section; and 

receiving the inputted information and changing the TDEV mask data ifnromation based on the calculation expres- 
sion of the TDEV mask data information representing the line segment which is displayed on the display section, 
and simultaneously, displaying a line segment which is represented by the changed TDEV mask data information 
on the display section. 

[0048] This summary of the invention does not necessarily describe all necessary features so that the invention may 
also be a sub-combination of these described features. 

[0049] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a block diagram for illustrating a schematic configuration of a wander generator in which a TDEV mask 
characteristic setting apparatus according to an embodiment of the present invention is incorporated; 
FIG. 2 is a block diagram for illustrating a schematic configuration of the TDEV mask characteristic setting appa- 
ratus shown in FIG. 1; 

FIGS. 3A to 3L are diagrams for illustrating storage contents of TDEV mask pattern files (1) to (12), which are 
formed in the TDEV mask characteristic setting apparatus shown in FIG. 1; 

FIG. 4 is a flowchart for explaining an operation of the TDEV mask characteristic setting apparatus shown in FIG. 1 ; 
FIG. 5 is a flowchart for explaining an operation of the TDEV mask characteristic setting apparatus shown in FIG. 1 ; 
FIGS. 6A and 6B are diagrams for explaining a changing operation of the TDEV mask characteristic in the TDEV 
mask characteristic setting apparatus shown in FIG. 1 ; 

FIGS. 7A and 7B are diagrams for explaining a changing operation of the TDEV mask characteristic in the TDEV 
mask characteristic setting apparatus shown in FIG. 1 ; 

FIGS. 8A and 8B are diagrams for explaining a changing operation of the TDEV mask characteristic in the TDEV 
mask characteristic setting apparatus shown in FIG. 1 ; 

FIG. 9 is a schematic diagram for illustrating a conventional and general wander generator; 
FIGS. 1 0A and 1 0B are diagrams for illustrating a TDEV mask characteristics which are determined by a standard; 
FIG. 11 A is a diagram for illustrating one example in the case that the TDEV mask characteristics which are de- 
termined by the standard are displayed according to the present invention; and 

FIGS. 1 1 B and 1 1 C are diagrams for illustrating one example in the case that the TDEV mask characteristics which 
are determined by the standard, are changed and an arbitrary TDEV mask characteristic is displayed according 
to the present invention. 

[0050] At first, the outline of the present invention will be explained below. 

[0051] The present invention is applied to a TDEV mask characteristic setting apparatus which is incorporat d in a 
wand r g nerator for gen rating a clock signal including a wander having a TDEV characteristic corr sp nding to the 
designated TDEV mask characteristic, the wander generator setting th TDEV mask characteristic. 
[0052] The TDEV mask characteristic setting apparatus of the pres nt invention is provided with a TDEV mask 
characteristic file for storing the TDEV mask characteristic which is constituted by connecting a plurality of line seg- 
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ments, respectively; TDEV mask characteristic readout means for r ading out the operated and designated TDEV 
mask characteristic from the TDEV mask characteristic file and displaying it; change designation taking means for 
taking a change designation for changing a start point of respective line segments, which constitute the TDEV mask 
characteristic, or a change designation of a characteristic vafue at a start point; and TDEV mask characteristic changing 
5 means for receiving respective change designations which are taken by this change designation taking means, and 
changing the operated and designated TDEV mask characteristic by calculating respective parameters which specify 
the line segments including the start point, the inclination and the characteristic value at the start point, foe each line 
segment constituting the operated and designated TDEV mask characteristic. 

[0053] In the TDEV mask characteristic setting apparatus of the wander generator constituted as described above, 
10 for example, respective TDEV mask characteristics, which are determined by the standards, are stored in the TDEV 
mask characteristic file. 

[0054] When newly setting the TDEV mask characteristic, in the case that this TDEV mask characteristic to be newly 
set approaches one of the respective TDEV mask characteristics, which are determined by the standards stored in 
the TDEV mask characteristic file, the TDEV mask characteristic is read out on the display screen and the change 

15 instruction of the start point of the line segment to be changed among the respective line segments constituting this 
TDEV mask characteristic or the change instruction of the characteristic value at the start point is inputted. 
[0055] Then, by using these respective change instructions, the respective parameters are automatically calculated 
to specify the line segments including a start point, the inclination, and a characteristic value at the start point for every 
line segment constituting the designated TDEV mask characteristic. 

20 [0056] In other words, the respective line segments constituting the TDEV mask characteristic is connected each 
other. 

[0057] Accordingly, in the case that the start point and the end point of a target line segment and respective char- 
acteristic values at the start point and the end point are changed, unless the start points and the end points of th 
respective line segments adjacent to the target line segment and the respective characteristic values and the inclination 
25 at the start point and the end point are changed simultaneously, a discontinuous portion or an overlapped portion is 
generated between the adjacent line segments. 

[0058] I n order to prevent such a matterf rom occurring, the operator is needed to input respective change instructions 
on the start point, the end point and the characteristic value and the like of the target line segment. Further, in accordance 
with this, the operator is needed to input respective change instructions on the start point, the end point, the inclination 
30 and the characteristic value and the like of the adjacent respective line segments which are required to be changed. 
[0059] In this case, in order to accurately determining the start point, the end point, the inclination and the charac- 
teristic value and the like of the adjacent respective line segments and input the change instruction so that the discon- 
tinuous portion and the overlapped portion are not generated, the operator is needed to perform the operation with 
many troubles. 

35 [0060] Therefore, according to the present invention, when the operator inputs respective change instructions on 
the start point, the end point and the characteristic value and the like of the target line segment, the parameters of the 
start point, the end point, the characteristic value and the like of the adjacent respective line segments are automatically 
calculated so as to prevent the discontinuous portion and the overlapped portion from being generated. 
[0061] Thus, the operators is capable of setting newly and simply a TDEV mask characteristic by using the TDEV 

40 mask characteristic which is stored in the TDEV mask characteristic file, in the case of newly setting a TDEV mask 
characteristic. 

[0062] According to another aspect of the present invention, the aforementioned TDEV mask characteristic setting 
apparatus of the present invention is further provided with a TDEV mask pattern file for storing a plurality of the TDEV 
mask patterns which is constituted by connecting a plurality of line segments, respectively; TDEV mask pattern readout 

45 means for reading out the operated and designated TDEV mask pattern from the TDEV mask pattern file and displaying 
it; new parameter taking means for taking the start point of respective line segments constituting the operated and 
inputted TDEV mask pattern and a characteristic value at this start point; TDEV mask characteristic newly generating 
means for newly obtaining a TDEV mask characteristic by calculating respective parameters which specify the lin 
segment including the start point, the inclination and the characteristic value at the start point, for each line segment 

so constituting the operated and designated TDEV mask pattern by using respective start points and respective charac- 
teristic values which are taken by the new parameter taking means. 

[0063] In the TDEV mask characteristic setting apparatus constituted as described above, a plurality of TDEV mask 
patterns which is expected to be required to be newly set are written in the TDEV mask pattern file in advance. 
[0064] In the case f newly s tting the TDEV mask charact ristic, the operator reads out the TDEV mask pattern to 
55 which a mask pattern of a TDEV mask characteristic to be newly s t is identical with among respective mask patterns 
which are stored in the TDEV mask pattern file, on the display scr en. Th n, the op rator inputs only th start points 
of respectiv line segm nts constituting this TDEV mask pattern and the charact ristic values at this start p ints. 
[0065] After that, by using a condition such that respective line segments of the TDEV mask characteristic are con- 
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nected, respective parameters for specifying the line segment including the start point, the inclination and the charac- 
teristic value at the start point are automatically calculated for each line segment constituting a new TDEV mask char- 
acteristic. 

[0066] Thus, in the case of newly setting a TDEV mask characteristic, the operator is capable of newly and simply 
5 setting a TDEV mask characteristic by using the TDEV mask pattern which is stored in the TDEV mask pattern file. 
[0067] Next, an embodiment based on the aforementioned configuration according to the present invention will be 
described with reference to the drawings. 

[0068] FIG. 1 is a block diagram for illustrating a schematic configuration of a wander generator, in which a TDEV 
mask characteristic setting apparatus according to an embodiment of the present invention is incorporated. 
io [0069] This wander generator is roughly constituted of a center frequency setting section 1 1 , a TDEV mask charac- 
teristic setting apparatus 1 2, a fluctuation signal row generation section 1 3, an adding section 1 4, a DDS (direct-digital- 
synthesizer) 15 and a clock signal output circuit 16. 

[0070] Additionally, the center frequency setting section 11 transmits a center frequency (for example, 2 NMz) of a 
clock signal CK1 to be employed in a test signal which is outputted from the wander generator, namely, the digital data 
is Y0 tor determining the center frequency of the outputted signal of the DDS 15 to the adding section 14. 

[0071 ] The TDEV mask characteristic setting apparatus 1 2 creates theTDEV mask characteristic which is designated 
by an operator, and transmits it to the fluctuation signal row generation section 13. 

[0072] Here, the fluctuation signal row generation section 13 is constituted of a noise generation section 17, an 
impulse response calculation section 18, a memory 19 and a convolutional calculation section 20. 
20 [0073] In the fluctuation signal row generation section 13 having such a configuration, the noise generation section 
1 7 is constituted of, for example, a PN (pseudo noise) signal generating circuit, which generates a PN signal n(k) and 
transmits it to the convolutional calculation section 20. 

[0074] Alternatively, the impulse response calculation section 1 8 calculates a tap coefficient h(t) for every time of an 
impulse response of a transfer function which approaches a power spectrum density distribution characteristic of a 
25 change amount of a phase difference, which is indicated by the TDEV mask characteristic inputted from the TDEV 
mask characteristic setting apparatus 12, and stores it in the memory 1 9. 

[0075] Additionally, the convolutional calculation section 20 outputs a fluctuation signal row y(k) which satisfies the 
TDEV mask characteristic inputted from the TDEV mask characteristic setting apparatus 12, by performing the con- 
volutional calculation by using the PN signal n(k) outputted from the noise generation section 1 7 and the tap coefficient 
30 h(t) for every time, which is stored in the memory 19. 

[0076] Further, the adding section 14 adds the data Y0 set by the center frequency setting section 11 and the fluc- 
tuation signal row y(k) outputted from the fluctuation signal row generation section 13, so that the adding section 14 
transmits data u(k) of the addition result to the DDS 15. 

[0077] Here : the DDS 15 is constituted of an adder 21, a latch circuit 22, a waveform memory 23 and a digital / 
35 analog (D/A) converter 24. 

[0078] In such DDS 15, the latch circuit 22 synchronizes the outputted data from the adder 21 with the clock signal 
CK2 having a further higher frequency compared with the frequency of the clock signal CK1 to be outputted. Then, the 
latch circuit 22 latches the outputted data of the adder 21 . 

[0079] In this case, the adder 21 adds the data u(k) of the addition result including a component of the inputted 
40 fluctuation signal row y(k) and the data latched by the latch circuit 22 to transmit the added data to the latch circuit 22. 
[0080] Alternatively, the waveform memory 23 reads out the data of the address which is designated by the output 
of the latch circuit 22 in which sine wave data is stored in a continuous address range in advance, to store and hold it. 
[0081] In other words, a waveform of a clock signal in which the data of the fluctuation signal row data is added t 
a reference sine waveform, namely, a wander is added to a reference sine waveform, is stored in this waveform memory 

45 23. 

[0082] Alternatively, the digital / analog (D/A) converter 24 reads out the waveform data which is stored in the wave- 
form memory 23, and converts it into an analog signal to transmit it to the next clock signal output circuit 16. 
[0083] Here, the clock signal output circuit 16 is constituted of a band pass filter (BPF) 25 and a comparator 26. 
[0084] In this clock signal output circuit 16, in order to form the waveform of the analog signal, which is outputted 
so from the DDS 15, and create a final clock signal CK1, the waveform of the analog signal of a step waveform to be 
outputted from the DDS 15 is formed in the BPF 25 having a pass band width corresponding to the data YO to be 
inputted to the comparator 26. 

[0085] Further, the comparator 26 binarizes the analog signal of which waveform is formed and outputted from the 
BPF 25, with a threshold voltage Vr 5 so that the comparator 26 outputs binariz d signal as a clock signal CK1 having 
55 a rectangular waveform. 

[0086] Therefore, this wander generator is capable of gen rating the clock signal CK1 having a wander of the TDEF 
characteristic in accordance with the TDEV mask characteristic, which is set by the operator with the TDEV mask 
characteristic setting apparatus 12. 
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[0087] Next, a configuration and a detailed operation of the TDEV mask characteristic setting apparatus 12 will be 
explained. 

[0088] FIG. 2 is a functional block for illustrating a schematic configuration of the TDEV mask characteristic setting 
apparatus 1 2 which fs constituted of, for example, a microcomputer. 

5 [0089] In other words, in this TDEV mask characteristic setting apparatus 12, an operating section 27 comprising 
various operating buttons and operational knob orthe like, which are disposed on an operational panel (not illustrated), 
a display section 28 comprising a liquid crystal display orthe like which are disposed on the operational panel, a TDEV 
mask characteristic file 29, a TDEV mask pattern file 30 and a characteristic output memory 31 are provided. 
[0090] Additionally, in the TDEV mask characteristic file 29, for example, as shown in FIGS. 10Aand 1 0B, a plurality 

10 of the TDEV mask characteristics 5 which are defined by the aforementioned three classes of respective standards 
ANSI, ITU-1 and ETSI, and constituted by connecting a plurality of line segments 6a, 6b, respectively, are stored. 
[0091 ] Specifically, in order to save the memory capacity, the TDEV mask characteristic file 29 does not store a graph 
itself of respective the TDEV mask characteristics 5 therein. However, the TDEV mask characteristic file 29 stores and 
holds the parameters AO, A1 , A2, xO, x1 , x2, x3, »• such as the start points every for respective line segments 6a, 

15 6b, — , the characteristic values at the start points and the inclination in the case of the inclination exists or the like for 
each TDEV mask characteristics 5. 

[0092] Alternatively, in the TDEV mask pattern file 30, for example, as shown in FIG. 3A to FIG. 3L, the TDEV mask 
patterns 39 as patterns of a plurality of TDEV mask characteristics which are expected to be newly required to be set, 
are stored. 

20 [0093] This TDEV mask pattern 39 indicates of how many line segments, 6a, 6b, — , the TDEV mask characteristic 
is constituted, discrimination between respective line segments are horizontal (inclination = 0) or respective line seg- 
ments are inclined in any direction and a combination pattern of respective line segments having this discrimination. 
[0094] According to the TDEV mask characteristic setting apparatus 12 of this embodiment as shown in FIGS. 3A 
to 3L, twelve TDEV mask patterns 39 to which graph number from (1 ) to (12) are added are stored in the TDEV mask 

25 pattern file 30. 

[0095] Alternatively, items of parameters of respective line segments 6a, 6b, -» are stored for every TDEV mask 
pattern 39 by using the TDEV mask pattern 39 in this TDEV mask pattern file 30 together with the aforementioned 
twelve TDEV mask patterns 39. In order to obtain the TDEV mask characteristic corresponding to this pattern, the 
operator should at least input parameters of respective line segments 6a, 6b, 
30 [0096] Further, in this TDEV mask pattern file 30, a calculation expression for calculating all parameters AO, A1 , A2, 
.... xO, x1 , x2, x3, — to specify respective line segments 6a, 6b, — is stored by using the parameter which is inputted 
in the case that the parameter of the aforementioned items are inputted. 

[0097] Additionally, the TDEV mask characteristic, which is created in this TDEV mask characteristic setting appa- 
ratus 12, is written in the characteristic output memory 31 . 
35 [0098] Specifically, respective characteristic values in respective integral times x (=n x s ) in the calculated TDEV 
mask characteristic are stored in the characteristic output memory 31 . 

[0099] Further, for example, a TDEV mask characteristic readout section 32 which is formed on an application pro- 
gram of a microcomputer, a changing designation taking section 33, a TDEV mask characteristic changing section 34, 
a mask pattern readout section 35, a new parameter taking section 36, a TDEV mask characteristic newly creating 
40 section 37 and a characteristic output section 38 and the like are incorporated in this TDEV mask characteristic setting 
apparatus 12. 

[01 00] In the TDEV mask characteristic setting apparatus 12 having such a configuration, the aforementioned TDEV 
mask characteristic readout section 32, the changing designation taking section 33, the TDEV mask characteristic 
changing section 34, the mask pattern readout section 35, the new parameter taking section 36, the TDEV mask 
45 characteristic newly creating section 37 and the characteristic output section 38 perform the setting processing of the 
TDEV mask characteristic in accordance with a flowchart shown in FIG. 4. 

[0101] At first, the operator selects a setting mode by the operational button of the operating section 27 (step S1). 
[0102] Therefore, in the case that the selected setting mode is a standard value mode (step S2), it is determined 
that this mode is a mode for using the TDEV mask characteristics 5 determined by respective standards ANSI, ITU- 

50 T, ETSI which are stored in the TDEV mask characteristic file 29, as they are. 

[0103] If one standard number and one graph number among the aforementioned three classes of standards are 
designated by the operating section 27 (step S3), the TDEV mask characteristic readout section 32 is activated. Then , 
the TDEV mask characteristic 5 of the designated graph number of the standard designated from the TDEV mask 
characteristic file 29 is read out (st p S4), th TDEV mask characteristic readout section 32 outputs it t the display 

55 section 28 to be display d (step S5). 

[0104] In this case, th TDEV mask characteristics 5 themselves are graphically developed and displayed as well 
as respective parameters AO, A1 , A2, — , x 0, x 1 , x2, x3, - of the respective line segments 6a, 6b, — constituting the 
TDEV mask characteristics 5 as shown in FIGS. 10A and 10B are displayed. 
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[0105] Specifically, as shown in FIG. 11 A, for example, the TDEV mask characteristic which is determined by a 
measurement standard of the aforementioned ITU-I, is displayed on the screen of the computer. 
[0106] In this case, in the graphic display section on the screen of the computer, the TDEV mask data constituted 
by connecting a plurality of line segments is displayed on a coordinate in which a horizontal axis represents an integral 
5 time and a vertical axis represents a characteristic value. 

[0107] Then, the TDEV mask characteristics 5 displayed on this display section 28 is written in the characteristic 
output memory 31 as a determined TDEV mask characteristic (step S6). 

[0108] As described above, in this case, respective characteristic values in respective integral times x (=nx s ) in the 
TDEV mask characteristics 5 are written in the characteristic output memory 31 . 
10 [0109] Next, the characteristic output section 38 is activated to transmit the TDEV mask characteristic comprising 
respective characteristic values in respective integral times x (=nx s ), which are written in the characteristic output 
memory 31, to the fluctuation signal row generation section 13 (step S7). 

[0110] Thus, the processing in the case that the TDEV mask characteristics 5 determined by the standards are 
directly employed is terminated. 

is [01 1 1 ] Alternatively, in the case that the selected setting mode in the step S1 is a standard value change mode (step 
S8),it is determined that this mode is a mode for changing a portion of the TDEV mask characteristic which is determined 
by respective standards ANSI, ITU-T, ETSI which are stored in the TDEV mask characteristic file 29, and using it. 
[01 1 2] Then, if one standard number and one graph number among the aforementioned three classes of standards 
are designated by the operating section 27 (step S9), the TDEV mask characteristic readout section 32 is activated. 

20 Then, the TDEV mask characteristic 5 of the designated graph number of the standard designated from the TDEV 
mask characteristic file 29 is read out (step S10), outputted to the display section 28 to be displayed (step S11). 
[0113] In this case, the TDEV mask characteristics 5 themselves are graphically developed and displayed as well 
as respective parameters AO, A1 , A2, x 0, x1 , x2, x3, — of the respective line segments 6a, 6b, -■ constituting th 
TDEV mask characteristics 5 as shown in FIGS. 10A and 10B are displayed (step S12). 

25 [0114] Specifically, as shown in FIG. 11B, for example, a portion of "User* (shaded area in the drawing) meaning a 
standard value change mode, i.e., meaning that the operator sets an arbitrary TDEV mask characteristic is clicked 
from a lower menu which is opened by clicking the ITU-T (shaded area in the drawing) while the TDEV mask charac- 
teristic which is determined by a measurement standard of the aforementioned ITU-I, is displayed on the screen of the 
computer. 

30 [0115] Thus, the operator shifts to a screen of a standard value change mode as shown in FIG. 11 C. 

[0116] In other words, when this screen itself shows a state that for example, the TDEV mask characteristic which 
is determined by the aforementioned ITU-T measurement standard is displayed as a default, in orderto set an arbitrary 
TDEV mask characteristic by using this display, the operator inputs various changing items by the operation of the 
operating section 27. 

35 [0117] In this case, in the graphic display section on the screen, the TDEV mask data constituted by connecting a 
plurality of line segments is displayed on a coordinate in which the horizontal axis represents an integral time and the 
vertical axis represents a characteristic value. 

[0118] Further, the information to be changed with respect to the line segments 6a, 6b, which the operator wishes 
to change is inputted from the operating section 27 (step S13). 
^0 [01 19] The operator inputs a value of a X axis or a Y axis of any line segment by a key or a knob as information to 
be changed (changing parameter) while seeing the TDEV mask characteristic which is displayed on the coordinate in 
which a horizontal (X) axis represents an integral time and a vertical (Y) axis represents a characteristic value, on the 
screen of the display section 28. 

[0120] In this case, as shown in FIG. 11C, by movably setting markers M1, M2 on the coordinate of the screen of 
^5 the display section 28 and changing these markers M1 , M2, the X axis or the Y axis of any line segment may be inputted 
as the information to be changed (changing parameter). 

[0121] Then, the changing designation taking section 33 is activated and the inputted changing parameter is trans- 
mitted to the TDEV mask characteristic changing section 34. 

[0122] By using the information to be changed of the inputted parameters of the respective line segments 6a, 6b, 
50 this TDEV mask characteristic changing section 34 calculates respective parameters AO, A1 , A2, — , x0, x1 , x2, x3, — 
including the start points, the end points, and the characteristic values at the start points of respective line segments 
6a, 6b constituting the TDEV mask characteristics 5 which is read out from the TDEV mask characteristic file 29 (step 
S14). 

[0123] Then, the calculated TDEV mask characteristic aft rb ing chang d is outputted to the display section 28 to 
55 be displayed (step S15). 

[0124] Furth r, the TDEV mask characteristic 5 which is display d on this display section 28 is written in the char- 
acteristic output memory 31 , as a TDEV mask characteristic which is arbitrarily set by the operator (step S6). 
[0125] Next, the TDEV mask characteristics comprising respective characteristic values in respective integral times 
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t (=nTs), which are written in the characteristic output memory 31 are transmitted to the fluctuation signal row generation 
section 13 via the characteristic output section 38 (step S7). 

[0126] Thus, the processing in the case that the TDEV mask characteristics 5 determined by the standards are 
partially changed to be employed is terminated. 
5 [0127] Here, a specific calculation operation of the TDEV mask characteristic changing section 34 will be explained 
with reference to FIGS. 6A, 6B, 7A, 7B, 8A and 8B. 

[01 28] FIGS. 6A and 6B illustrate a calculation procedure for changing a portion of the TDEV mask characteristic 5 
(a characteristic value A at the start point t0 of the line segment 6a) constituted by connecting three line segments 6a, 
6b, 6c, which are defined by the standards shown in FIG. 6A, and creating a new TDEV mask characteristics 40 shown 
10 in FIG. 6B. 

[0129] It is assumed that respective line segments 6a, 6b, 6c of the TDEV mask characteristic 5, which are defined 
by the standards, are represented by the expression (4). 

J5 TDEV(t) = A0 t0 < x ^ t1 

TDEV(t) = A1t t1 < t ^ t2 
TDEV(t) = A2 t2 < t = t3 

20 

where, A1 t1 = AO 

A1 t2 = A2 (4) 

25 [0130] Here : it is assumed that A0=3, A1=0.12, A2=12, t0=0.1 , t1=25, t2=100, t3= 10000. 

[0131] These respective parameters serve to specify the line segments 6a, 6b, 6c constituting this TDEV mask 
characteristic 5. 

[0132] Here, it is assumed that a parameter of the characteristic value AO of the start point i0 (=0. 1) of the line 
segment 6a at a head in the TDEV mask characteristic 5 is changed from A0=3 to A0=5. 
30 [0133] In this case, also in the new TDEV mask characteristic 40, it is assumed that the start points and the ending 
points of respective line segments 6a, 6b, 6c are not changed and respective line segments 6a, 6b, 6c are connected. 
[01 34] In FIG. 6B, the characteristic values in a connecting point t1 (=25) of the line segment 6a and the line segment 
6b are equal, so that A1 x1 = AO (=5) is obtained. Further, the indication A1 of the line segment 6b is represented by 
A1 = A0/x1 =5/25= 0.2. 

35 [0135] Similarly, in FIG. 6B, the characteristic values at a connecting point t2 of the line segment 6a and the line 
segment 6b are equal, so that A2 = A1, t1 =0.2 x 100 = 20 is obtained. Respective line segments 6a, 6b, 6c of the 
new TDEV mask characteristic 40 after being changed are represented by the expression (5). 

4Q TDEV(t) = 5 0.1 < i = 25 

TDEV(x) = 0.2x 25 < t = 1 00 
TDEV(x) = 20 1 000 < t = 1 0000 (5) 

45 

[0136] Thus, only by inputting the start point in a portion, which the operator wishes to change, on the TDEV mask 
characteristic 5 determined by the standard and the information to be changed of the parameter between the charac- 
teristic values at the start point by the operator, the parameters in other relating portions in the TDEV mask characteristic 
5 are automatically changed. 

so [0137] Accordingly, it is possible to improve the operating efficiency of this TDEV mask characteristic setting appa- 
ratus 12 to a large degree. 

[01 38] FIGS. 7A and 7B illustrate a calculation procedure for creating a newTDEV mask characteristic 40 by changing 
a portion of the TDEV mask characteristic 5 (a start point x2 at the line segment 6c), which is defined by the standards 
shown in FIG. 6A and FIG. 7A (same as FIG. 6A) and is shown in FIG. 7B. 
55 [0139] It is assum d that respective line segments 6a, 6b : 6c of th new TDEV mask characteristic defined by th 
standards are represented by the expression (6). 
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TDEV(t) = AO = 3 xO < x ^ x1 
TDEV(x) = A1 t = 0.1 2x x1 < T ^ x2 

5 

TDEV(t) = A2 = 12 x2 < x ^ x3 (6) 
[0140] It is assumed that A0=3, A1=0.12, A2=12, x0=0.1 , x1=25 : x2=100, x3=10000. 

[0141] Here 5 it is assumed that a parameter of the start point x2 (= 1 00) of the third line segment 6c in the TDEV 
10 mask characteristic 5 is changed from x2=1 00 to x2=200. 

[0142] In this case, also in the new TDEV mask characteristic 40, the characteristic values (A1 x2) in the ending 
points of the line segment 6b and characteristic value (A2) in the start point x2 of the line segment 6b are equal, so 
that A1 x2 = A2, A2=0.12 x 200 = 24 is obtained. Then, the respective line segments 6a, 6b, 6c in the TDEV mask 
characteristic 40 after being changed are represented by the following expression (7). 



15 



20 



35 



40 



TDEV(x) = 3 0.1 <x ^ 25 
TDEV(x) = 0.1 2x 25 < x =i 200 

TDEV(x) = 24 2000 < x ^ 1 0000 (7) 



[0143] Also, in this case, only by inputting the instruction to change the start point in a portion, which the operator 
wishes to change, on the TDEV mask characteristic 5 determined by the standard and the parameter at the start point 
25 by the operator, the parameters in other relating portions in the TDEV mask characteristic 5 are automatically changed. 
[0144] FIGS. 8A and 8B illustrate a calculation procedure for creating a new TDEV mask characteristic 40 shown in 
FIG. 8B by changing a portion of the TDEV mask characteristic 5 (a characteristic value AO in a start point xO at the 
line segment 6a), which is defined by the standards shown in FIG. 8A. 

[0145] It is assumed that the respective line segments 6a, 6b, 6c, 6d of the TDEV mask characteristic 5 which is 
30 defined by the standards are represented in the following expression (8). 

TDEV(x) = 32x"° 5 0.1 < x ^ 2.5 



TDEV(x) = 2 2.5<x^40 

TDEV(x) = 0.32x° 5 40 < x ^ 1 000 

TDEV(x) = 10 1 000 < x (8) 



[0146] However, the characteristic value AO at the staring point x0=0.1 of a head of the line segment 6a is 10.12. 
[0147] Here : it is assumed that a parameter of the start point xO (= 0.1 ) of the head of line segment 6a in the TDEV 
mask characteristic 5 is changed from A0=10.12 to A0=20. 

[01 48] If the inclination of the head of line segment 6a in the TDEV mask characteristic 40 after being changed shown 
45 in FIG. 8B is determined as A1 , A0=20=A1 x0° 5 =A1 (0.1) 0 - 5 is obtained. Therefore, the inclination A1=6.324 is ob- 
tained. 

[0149] If the characteristic value of the second line segment 6b of the TDEV mask characteristic 40 after being 
changed is defined as A2, A2 =a1 7c1"° 5 =6.324 x (2.5)-° 5 =3.999«4.0 is obtained. 

[0150] Further, if the inclination of the third line segment 6c of the TDEV mask characteristic 40 after being changed 
so is defined as A3, the characteristic value of the start point x2 of the third line segment 6c is A2, so that A2=4.0 = A3 
x2°- 5 =A3(40) 0 - 5 is obtained. Further the inclination A3=0.632 is obtained. 

[0151] Finally, if the characteristic value of the forth line segment 6d of the TDEV mask characteristic 40 after being 
changed is defined as A4, A4=A3 jc3 05 =0.632x (1000)° 5=19.98=20 

[0152] Accordingly, the respective line segments 6a, 6b, 6c, 6d of the TDEV mask characteristic 40 after being 
55 changed shown in FIG. 8B are represented by the following expr ssion (9). 



TDEV(x) = A1 x"°- 5 = 6.324x' 0 ' 5 0.1 < x ^ 2.5 
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TDEV(x) = A2 = 4 



2.5 < x ^ 40 



TDEVff) - A3f 0 5 - 0.632* 



0.5 



40 <% ^ 1000 



5 



TDEV(T) = A4 = 20 



1000 <% 



(9) 



[0153] However, the characteristic value AO at the start point tO=0.1 of the head of the line segment 6a is 20. 
[0154] Also in this case, only by inputting the instruction to change the start point in a portion, which the operator 
10 wishes to change, on the TDEV mask characteristic 5 determined by the standard and the parameter of the charac- 
teristic value at the start point by the operator, the parameters in other relating portions in the TDEV mask characteristic 
5 are automatically changed. 

[0155] Alternatively, in the case that the selected setting mode in the step S1 shown in FIG. 4 is a newly creating 
mode (in the case of steps S2, S8: NO), the processing shifts to step S16 in a flowchart shown in FIG. 5. 
is [0156] Further, in the case that the setting mode is the newly creating mode, instead of using respective TDEV mask 
characteristics which are stored in the TDEV mask characteristic file 29, it is determined that this mode is a mode for 
creating a new TDEV mask characteristic which is not defined by any standards. 

[0157] In this setting mode, at first, a selection menu of twelve TDEV mask patterns 39 shown in FIG. 3 which ar 

stored in the TDEV mask pattern file 30 is displayed (step S17). 
20 [0158] If the operator selects one TDEV mask patterns 39 by a pattern number through the operating section 27 

(stepSI 8), the mask pattern readout section 35 is activated to read out the TDEV maskpatterns 39 of the corresponding 

pattern number which is recorded in the TDEV mask pattern file 30, the items of respective line segments 6a, 6b, 6c, 

6d, - which should be at least inputted, and a calculation expression for calculating respective parameters AO, A1 , 

A2, tO, t1, 2, t3, - (step S19). 
25 [0159] Then, the TDEV mask patterns 39 and the items of respective line segments 6a, 6b, — which should be at 

least inputted are displayed on the display section 28 (step S20). 

[0160] In this case, before the operator selects one TDEV mask patterns 39 by the pattern number through th 
operating section 27, the TDEV mask patterns 39 or the like which are obtained by a learning function and wer 
frequently used in the past may be displayed on the display section 28 as a default. 

30 [0161] In this state, the operator inputs the parameters of respective line segments 6a, 6b, 6c, 6d, •« displayed on 
the display section 28 which should be at least inputted through the operating section 27 (step S21). 
[0162] The operator inputs a value of a X axis or a Y axis of any line segment by a key or a knob as information to 
be changed while seeing the TDEV mask characteristic which is displayed on the coordinate in which a horizontal (X) 
axis represents an integral time and a vertical (Y) axis represents a characteristic value. 

35 [0163] In this case, by movably setting markers on the coordinate and changing these markers, the operator may 
input the information to be changed. 

[0164] Then, a new parameter taking section 36 is activated to transmit the inputted respective parameters to the 
TDEV mask characteristic newly creating section 37. 

[0165] This TDEV mask characteristic newly creating section 37 calculates all parameters AO, A1 , A2 S — , xO t t1 , t2, 
40 t3, — for specifying respective line segments 3a, 3b, — of the TDEV mask pattern 39 by using the calculation expression 

which is read out from the TDEV mask pattern file 30, from the inputted respective parameters (step S22). 

[01 66] Further, the TDEV mask characteristic newly creating section 37 outputs the calculated respective parameters 

AO, A1 , A2, t0, t1 . t2, t3, and the TDEV mask characteristic to the display section 28 to display the same, (step S23). 

[01 67] Then , the TDEV mask characteristic which is displayed on this display section 28 is written in the characteristic 
45 output memory 31 as a TDEV mask characteristic which is arbitrarily set by the operator (step S6 in FIG. 4). 

[0168] The TDEV mask characteristics comprising respective characteristic values in respective integral times x 

(=m; s ) which are written in the characteristic output memory 31 are transmitted to the fluctuation signal row generation 

section 13 via the characteristic output section 38 (step S7 in FIG. 4). 

[0169] Thus, the processing in the case of creating new TDEV mask characteristic which is not defined by any 
so standards is terminated. 

[0170] According to the TDEV mask characteristic setting apparatus 1 2 of the wander generator constituted as de- 
scribed above, a plurality of TDEV mask characteristics 5 constituted by connecting a plurality of line segments 6a, 
6b, — , which are defined by respective standards ANSI, ITU-T, ETSI and the like, respectively, are stored in the TDEV 
maskcharact ristic fil 29. 

55 [0171] Further, in the TDEV mask pattern file 30, th TDEV mask patterns 39 which is the patterns of a plurality of 
TDEV mask charact ristics which are xpected to be newly requested to be s t are stored. 

[0172] In the case of executing the test with regard to the wander in the measured system by using the wander 
generator, the operator is capable of selecting and setting the TDEV mask characteristic for specifying the wander of 
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the clock signal as a test signal to be applied from the wander gen rator to the measured system in a wide range. 
[0173] Specifically, the operator is capable of arbitrarily changing the TDEV mask characteristic by changing the 
TDEV mask characteristic in the TDEV mask characteristic setting apparatus 12. 

[0174] According to this embodiment, in the case of directly using the TDEV mask characteristic, which is defined 
5 by the standards, the operational mode is set to a standard value mode and one TDEV mask characteristic which is 
stored in the TDEV mask characteristic file 29 is designated. 

[0175] In the case of partially changing the TDEV mask characteristic, which is defined by the standards, and using 
it, the operational mode is set to a standard value change mode and one TDEV mask characteristic which the operator 
wishes to change, which is stored in the TDEV mask characteristic file 29 is selected, the operator operatively inputs 
10 the changing of the start points of one or plural line segments 6a, 6b, 6c, which should be changed in this TDEV mask 
characteristic or the characteristic values at the start points. 

[0176] Then, by using a boundary condition such that the adjacent line segments 6a, 6b, 6c are connected each 
other, respective parameters such as the inclination and the like to be changed in respective line segments are auto- 
matically calculated and the TDEV mask characteristic after being changed is automatically set. 

15 [0177] In the case of using a completely new TDEV mask characteristic which is not defined by the standards, the 
operational mode is set to the newly creating mode and a TDEV mask pattern which is identical with a pattern of the 
TDEV mask characteristic which is newly created is read out from the TDEV mask pattern file 30, the operator oper- 
atively inputs the value of the very minimum input items (the start point or a characteristic value at the start point) of 
the displayed respective parameters. 

20 [0178] Then, as well as the aforementioned case, by using the boundary condition such that the adjacent line seg- 
ments 6a, 6b, 6c are connected each other, respective parameters such as the inclination and the like to be changed 
in respective line segments are automatically calculated and the TDEV mask characteristic after being changed is 
automatically set. 

[0179] Thus, according to the TDEV mask characteristic setting apparatus 12 of the present invention, it is possibl 

25 to arbitrarily set the TDEV mask characteristic. 

[0180] Additionally, the operator may input only the minimum parameter without changing the TDEV mask charac- 
teristic or without inputting ail parameters including the start point, the inclination and the characteristic value at the 
start point for specifying respective line segments constituting the TDEV mask characteristic in the case of newly 
creating a TDEV mask characteristic. Therefore, it is possible to increase the operating efficiency to the large extent. 

30 [0181] Accordingly, it is possible to improve a test operating efficiency with respect to the wander in the measured 
system for the use of the wander generator in which this TDEV mask characteristic setting apparatus 1 2 is incorporated 
to the large extent. 

[0182] As described above, according to the TDEV mask characteristic setting apparatus of the present invention, 
in addition to respective TDEV mask characteristics, which are defined by the standards, it is possible to accurately 
35 set arbitrary TDEV mask characteristics, which are required by the measure, with simple operation so that it is possible 
to enlarge the measuring range regarding the wander with respect to the measured system for the use of the wander 
generator, in which this apparatus is incorporated, to the large extent as well as it is possible to improve the measuring 
operating efficiency to the large extent. 

40 

Claims 

1 . A wander generator having an arbitrary TDEV mask characteristic setting apparatus comprising: 

45 wander generation means (11 . 13-16) for generating a clock signal including a wander; and 

TDEV mask characteristic setting means (12) which is used in said wander generation means to set a TDEV 
mask characteristic which is belonged to the wander included in the clock signal generated by said wander 
generation means; 

said TDEV mask characteristic setting means (12) comprising: 
50 a file (29, 30), in which the TDEV mask data information including the TDEV mask data constituted by con- 

necting a plurality of line segments (6a-6d) and a calculation expression for forming said TDEV mask data on 
a coordinate in which a horizontal axis represents an integral time and a vertical axis represents a characteristic 
value, are stored in advance; 

TDEV mask data information readout means (32, 35) for r ading out predetermined TDEV mask data infor- 
55 mation from said file (29, 30); 

a display section (28) for displaying th line segment which is represented by said desir d TDEV mask data 

information, which is read out by said TDEV mask data information readout means (32, 35); 

an operating section (27) for inputting information for changing at least one of the start point and the charac- 
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teristic value to the desired value with respect to the line segment to be represented by said desired TDEV 
mask data information which is displayed on said display section (28); and 

a TDEV mask data change section (34, 37) for receiving information Inputted by said operating section (27), 
changing the TDEV mask data Information based on the calculation expression of said TDEV mask data 
5 information, which represents the line segment displayed on said display section (28), and displaying the line 

segment which is represented by said changed TDEV mask data information on said display section (28). 

2. A wander generator according to claim 1 , characterized in that said operating section (27) serves as an operating 
section for designating predetermined TDEV mask data information which is read out from said file (29, 30). 

10 

3. A wander generator according to claim 1 or 2, characterized in that TDEV mask data information corresponding 
to the TDEV mask characteristic which is defined by standards is stored in advance in said file as said TDEV mask 
data information. 



15 4. A wander generator according to any of claims 1 to 3, characterized in that TDEV mask data information corre- 
sponding to a new TDEV mask characteristic which is not defined by standards, is stored in advance in said file 
as said TDEV mask data information. 



5. A wander generator according to any of claims 1 to 4, characterized in that said wander generation means (11-16) 
20 is constituted of a center frequency setting section (1 1), a fluctuation signal row generation section (1 3), an adding 

section (14), a DDS (direct-digital -synthesizer) (15) and a clock signal output circuit (16); 



said center frequency setting (11) section transmits the digital data for determining a center frequency of the 
output signal of said DDS to said adding section as a center frequency of a clock signal to be employed in a 
25 test signal, which is outputted from said wander generation means (11-1 6); 

said fluctuation signal row generation section (13) generates a fluctuation signal row and transmits it to said 
adding section on the basis of the TDEV mask characteristic, wh ich is created in accordance with the instruction 
by the operator from said TDEV mask characteristic setting means (12); 

said adding section (14) adds the data which is set by said center frequency setting section (11) and the 
30 fluctuation signal row which is outputted from said fluctuation signal row generation section (13), to transmit 

the data of this addition result to said DDS (15); 

said DDS (15) reads out the waveform data of a clock signal to which a component of said fluctuation signal 
row which is included in the data of the addition result from said adding section (14) is added as the wander, 
with respect to a stored reference sine waveform; and 
35 said clock signal output circuit (1 6) forms the wave of the signal which is outputted from said DDS (1 5), and 

creates a clock signal to which a wander is finally added. 



6. A wander generator according to claim 5, characterized in that said fluctuation signal row generation section (13) 
is constituted of a noise generation section (1 7), an impulse response calculation section (1 8), a memory (1 9) and 
40 a convolutional calculation section (20); 



said noise generation section (1 7) generates a PN (pseudo noise) signal and transmits it to said convolutional 
calculation section; 

said impulse response calculation section (1 8) calculates a tap coefficient for every time of an impu Ise response 
45 of a transfer function which approaches a power spectrum density distribution characteristic of a change 

amount of a phase difference, which is indicated by the TDEV mask characteristic inputted from said TDEV 
mask characteristic setting means (12) and stores it in said memory; and 

said convolutional calculation section (20) outputs a fluctuation signal, which satisfies the TDEV mask char- 
acteristic inputted from said TDEV mask characteristic setting means (12), by performing the convolutional 
so calculation by using the PN signal outputted from said noise generation section (17) and the tap coefficient 

for every time which is stored in said memory. 

7. A wander generator according to claim 5 or 6, characterized in that said DDS (15) is constituted of an adder (21), 
a latch circuit (22), a waveform m mory (23) and a digital / analog (D/A) converter (24); 

55 

said latch circuit (22) latches the outputted data from said adder (21) with synchronizing the outputted data 
with the clock signal having a further higher frequency compared with the frequency of the clock signal to be 
outputted from said clock signal output circuit (16); 
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said adder (21) adds the data of the addition result including a component of the inputted fluctuation signal 
row and the data latch d by said latch circuit (22) to transmit the added data to said latch circuit (22); 
said waveform memory (23) reads out the data of the address which is designated by the output of said latch 
circuit (22) in which a sine wave data is stored in a continuous address range in advance, and stores and hold 
5 it, and the data of the fluctuation signal row is stored in said waveform memory (23) with respect to a reference 

sine waveform; and 

said digital / analog (D/A) converter (24) reads out the waveform data which is stored in said waveform memory 
(23), and converts it into an analog signal to transmit it to said clock signal output circuit (16). 

10 8. A wander generator according to any of claims 5 to 7, characterized in that said clock signal output circuit is 
constituted of a band pass filter (BPF) (25) and a comparator (26); 

said BPF (25) forms the waveform of the analog signal of a step waveform to be outputted from said DDS 
(15) in a pass band width corresponding to the data and outputs it to said comparator in order to form the 
15 waveform of the analog signal, which is outputted from said DDS (15) and create a final clock signal; and 

said comparator (26) binarizes the analog signal of which waveform is formed and outputted from said BPF 
(25) with a threshold voltage, so that said comparator (26) outputs said binarized signal as a clock signal 
having a rectangular waveform. 

20 9. a wander generator according to any of claims 3 to 8, characterized in that a plurality of said TDEV mask char- 
acteristics which are defined by at least one of the three standards, ANSI, ITU-I and ETSI, and constituted by 
connecting a plurality of line segments, respectively, are stored in said file. 

10. A wander generator according to claim 9, characterized in that parameters such as a start point for each lin 
25 segment, a characteristic value at the start point and the inclination when the inclination exists and the like of said 

TDEV mask characteristic are stored and held in said file (29, 30). 

1 1 . A wander generator according to any of claims 4 to 1 0, characterized in that TDEV mask patterns as patterns of 
a plurality of TDEV mask characteristics which are expected to be newly required to be set are stored in said file 

30 as new TDEV mask characteristics which are not defined by the standard. 

12. A wander generator according to claim 1 0, characterized in that said TDEV mask pattern indicates of how many 
line segments said TDEV mask characteristic is constituted, discrimination between respective line segments are 
horizontal (inclination = 0) or respective line segments are inclined in any direction and a combination pattern of 

35 respective line segments having this discrimination. 

13. A wander generator according to claim 1 0, characterized in that items of parameters of respective line segments, 
which the operator should at least input in order to obtain the TDEV mask characteristic corresponding to this 
pattern, are stored together with said TDEV mask pattern in said file (29, 30) for every TDEV mask pattern by 

^0 using the corresponding TDEV mask pattern. 

14. A wander generator according to claim 13, characterized in that a calculation expression for calculating all pa- 
rameters to specify respective line segments is further stored in said file (29, 30) by using the parameter, which is 
inputted in the case that the parameter of said corresponding item is inputted. 

45 

15. A wander generator according to any of claims 1 to 14, characterized In that said TDEV mask characteristic 
setting means (12) further comprises a characteristic output memory (31); 

TDEV mask data information which is changed by said TDEV mask characteristic changing section (34, 37) 
is stored in said characteristic output memory on the basis of said calculation expression of said TDEV mask data 
so information representing the line segment displayed on said display section (28). 

16. A wander generator according to any of claims 2 to 15, characterized in that said operating section (27) is capable 
of selecting a standard value mode for directly employing the TDEV mask characteristic which is defined by a 
standard, a standard value change mode for partially changing the TDEV mask characteristic, which is d fin d by 

55 a standard and using it, and a newly cr ating mod for creating a. new TDEV mask characteristic which is not 

defin d by a standard. 

17. A wander generator according to any of claims 3 to 16, characterized in that said TDEV mask data information 
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readout means (32, 35) reads out said TDEV mask characteristic which is defined by the standard from said file 
as a default and displays it on said display section (28) as said predetermined TDEV mask data information. 

18. A wander generator according to claim 17, characterized in that said TDEV mask data information readout means 
s (32, 35) reads out the TDEV mask patterns, which are obtained by a learning function and were frequently used 

in the past, from said file as said TDEV mask characteristic, which is defined by the standard, and displays it on 
said display section. 

19. A wander generator according to claim 17 or 18, characterized in that said display section (28) displays said 
10 standard name in addition to said TDEV mask characteristic defined by the standard as said default, further said 

display section displays a mode selection menu under a condition that said standard name is clicked and shifts to 
display of a predetermined mode under a condition that said predetermined mode is clicked. 

20. A wander generator according to claim 1 9, characterized in that said display section displays (28) a marker (M1 , 
15 M2) for changing at least one of the start point and the characteristic value to a desired value on the display screen 

of said TDEV mask characteristic defined by the standard under a condition that it shifts to display of a predeter- 
mined mode. 

21 . A wander generator according to any of claims 4 to 20, characterized in that said TDEV mask data information 
20 readout means (32, 35) reads out the TDEV mask data information corresponding to a new TDEV mask charac- 
teristic which is not defined by the standard from said file as a default and displays it on said display section (28) 
as said predetermined TDEV mask data information. 

22. A wander generator according to claim 21 , characterized in that, upon reading out the TDEV mask data infor- 
ms mation corresponding to a new TDEV mask characteristic, which is not defined by the standard, from said file as 

a default and displaying it on said display section (28), said TDEV mask data information readout means (32, 35) 
reads out the TDEV mask patterns which are obtained by a learning function and were frequently used in the past, 
from the TDEV mask data information corresponding to said new TDEV mask characteristic, which is not defined 
by the standard, from said file (29, 30) and displays it on said display section (28). 

30 

23. A wander generator according to claim 21 or 22, characterized in that said display section (28) displays a marker 
for changing at least one of the start point and the characteristic value to a desired value on the display screen of 
said TDEV mask characteristic information corresponding to said new TDEV mask characteristic which is not 
defined by the standard. 

35 

24. A method for setting an arbitrary TDEV mask characteristic which is used in a wander generator, comprising the 
steps of: 

storing TDEV mask data information including the TDEV mask data constituted by connecting a plurality of 
40 line segments and a calculation expression for forming said TDEV mask data on a coordinate in which a 

horizontal axis represents an integral time and a vertical axis represents a characteristic value, in advance in 
a file (29, 30); 

designating desired TDEV mask data information; 

reading out said desired TDEV mask data information from said file (29, 30); 
45 displaying a line segment which is represented by said read desired TDEV mask data information on a display 

section (28); 

inputting information for changing at least one of the start point and the characteristic value to a desired value 
in the line segment represented by said desired TDEV mask data information which is displayed on said display 
section (28); and 

50 receiving said inputted information and changing the TDEV mask data information based on the calculation 

expression of said TDEV mask data information representing the line segment which is displayed on said 
display section (28), and simultaneously, displaying the line segment which is represented by said changed 
TDEV mask data information, on said display section (28). 

55 
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